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Abstract
Lithium magnesium molybdate (Li2Mg2(MoO4)3) crystals were grown by
the low-thermal-gradient Czochralski method. Luminescence properties of
the material (emission spectra, thermally stimulated luminescence, depen-
dence of intensity on temperature, phosphorescence) have been studied under
X-Ray excitation in the temperature interval from 8 K to 400 K, while at the
same being operated as a scintillating bolometer at 20 mK for the first time.
We demonstrated that Li2Mg2(MoO4)3 crystals are a potentially promising
detector material to search for neutrinoless double beta decay of 100Mo.
Keywords: Double beta decay, 100Mo, Cryogenic scintillating bolometer,
Li2Mg2(MoO4)3 crystal, Crystal growth, Luminescence
1. Introduction
Neutrinoless double beta (0ν2β) decay is of essential interest to particle
physics since this process violates lepton number and requires the neutrino to
be a massive Majorana particle [1, 2, 3, 4]. Generally speaking, 0ν2β decay
can be mediated by many other beyond the Standard Model effects [5, 6].
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Significant efforts have been made to observe the 0ν2β decay, however;
the decay have yet to be observed (see the reviews [7, 8, 9, 10, 11] and recent
results [12, 13, 14, 15, 16]). The experiments have set limits on the half-
life of this process in the range of T1/2 ∼ 10
24 − 1026 yr for various nuclei,
allowing us to restrict the effective Majorana neutrino mass at the level of
〈mν〉 ∼ 0.1 − 0.8 eV. The broad range of the neutrino mass limits results
from the uncertainty of the nuclear matrix elements calculations [17].
The experimental sensitivity should be further improved to explore the in-
verted hierarchy of the neutrino mass (〈mν〉 ≈ 0.02−0.05 eV) corresponding
to T1/2 ∼ 10
26−1027 yr even for the most promising nuclei candidates [4, 17].
Experiments able to detect so rare 0ν2β decays should operate hundreds of
kg of an isotope of interest, and have high detection efficiency and energy res-
olution, and a very low (ideally zero) background. Low temperature scintil-
lating bolometers have a great potential to realize large-scale high-sensitivity
0ν2β decay experiments with several nuclei. The isotope 100Mo is one of
the most promising candidates thanks to the high endpoint energy of decay
Q2β = 3034.36(17) keV [18], a high isotopic abundance δ = 9.744(65)% [19]
(and possibility of enrichment in large amount by gas-centrifugation), and a
high decay probability [20, 21, 22, 23].
There are several molybdate crystals have already been tested as scintil-
lating bolometers: ZnMoO4 [24, 25, 26], Li2MoO4 [26, 27], Li2Zn2(MoO4)3
[28], CaMoO4 [29] with their main properties reported in Table 1.
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Table 1: Properties of Li2MoO4, Li2Mg2(MoO4)3,
Li2Zn2(MoO4)3, CaMoO4, and ZnMoO4 crystal scintil-
lators. Wavelength of scintillation emission maximum is
denoted as λmax, Nvol denotes number of Mo atoms per
volume of the crystals.
Properties Li2MoO4 [27] Li2Mg2(MoO4)3 Li2Zn2(MoO4)3 [28] CaMoO4 [30] ZnMoO4 [31]
Density (g/cm3) 3.02− 3.07 3.89 [32] 4.38 4.2− 4.3 4.3
3.798 [33]
3.82 (present work)
Melting point (◦C) 701 1033 [32] 890 1445− 1480 1003
Structural type Phenacite Pnma [33, 34, 35] Orthorhombic Scheelite Triclinic, P1
Hardness (Mohs) 3.5− 4 3.5
λmax (nm) 590 585 (present work) 610 520 625
Refractive index 1.44 2.0 1.98 1.89− 1.96
Hygroscopicity Weak No No No No
Nvol (atoms/cm
3) 1.06× 1022 1.27× 1022 1.27× 1022 1.28× 1022 1.15× 1022
3
In addition to the technical requirements described above, a crystal scin-
tillator for a large-scale high-sensitivity 0ν2β decay experiment should meet
some practical requirements: low material cost, the capability for mass pro-
duction, possibility of enriched molybdenum recycling to minimize loss of
the enriched isotope, and to produce more scintillation elements. In a case of
large scale cryogenic experiments (e.g., in the CUPID project [36, 37]), one
should place a maximum number of the nuclei of interest in a restricted cryo-
stat volume. From this point of view, the Li2Mg2(MoO4)3 crystal looks to be
one of the most appropriate materials for cryogenic experiments with 100Mo.
Absence of hygroscopicity (in contrast to weak hygroscopicity of Li2MoO4)
is also an advantage of the material.
In the present work, a Li2Mg2(MoO4)3 crystal has been investigated as
possible low temperature scintillator for double beta decay experiments with
100Mo. Crystal growth of the compound is reported in Sec. 2, the luminescent
properties of the material are summarized in Sec. 3, and the first test of a
Li2Mg2(MoO4)3 crystal sample as scintillating bolometer is described in Sec.
4.
2. Growth of Li2Mg2(MoO4)3 crystals
The main difficulty in the production of Li2Mg2(MoO4)3 crystals is the in-
congruent melting of the compound [32, 33]. This property makes it difficult
to grow large volume crystals by the ordinary Czochralski technique from
a stoichiometric compound. In the present study, Li2Mg2(MoO4)3 crystals
were grown by using the low-thermal-gradient Czochralski method [38, 39].
The Li2Mg2(MoO4)3 compound for the crystal growth has been synthesized
by mixing Li2CO3, MgO and MoO3 powders in the ratio Li2Mg2(MoO4)3 :
Li2MoO4 = 2 : 3. In the first stage of the crystal R&D, a molybdenum ox-
ide of 99.9% purity grade has been used, replaced by a 99.999% high purity
MoO3 in later development. The powders mixture was placed in a platinum
crucible ⊘70 × 120 mm covered by a tight platinum lid with a thin pipe,
heated to a temperature 5−10 degrees higher than the melting temperature.
The melt homogeneity was achieved mixing the melt by a platinum roller
unit over 2 − 3 hours. The HX620 crystal growing set-up utilized a three-
zone resistance furnace with weight monitoring. Several crystal boules have
been grown from a crystal seed of [010] orientation with a pulling rate 1− 5
mm per day [40]. Two Li2Mg2(MoO4)3 crystal boules produced from 99.9%
and 99.999% purity MoO3 are shown in Fig. 1.
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Figure 1: Boules of Li2Mg2(MoO4)3 crystals grown by the low-thermal-gradient Czochral-
ski method from 99.9% (a) and 99.999% (b) purity grade MoO3. The improvement of
the crystal’s optical quality thanks to the utilization of the higher purity MoO3 is clearly
visible. The scales are in centimeters.
The higher optical quality of the Li2Mg2(MoO4)3 crystals produced from
higher purity MoO3 was confirmed by transmittance measurements per-
formed with a Shimadzu UV-3101PC spectrometer. The results are presented
in Fig. 2. The main cause of the crystals coloration is the contamination of
the raw materials (particularly of the molybdenum oxide) by transition met-
als. The most abundant impurities of the 99.9% purity molybdenum oxide
are K on the level of 0.01 wt%, and Si, Fe, Ti, Ni, Ca, Cr ( 0.001 wt%).
Presence of Fe, Ti, Ni, Cr can lead to coloration of the crystal produced
from the molybdenum oxide of the 99.9% purity grade. The effect of crys-
tals coloration by transition metals is well known, and was also observed in
molybdate crystals (see e.g. investigation of the raw-materials purity level
on the optical quality of zinc molybdate crystal scintillators in [41]).
Li2Mg2(MoO4)3 crystals are isotypic with lithium zinc molybdate (Li2Zn2
(MoO4)3) [35]. Therefore, one can assume that Li
+ and Mg2+ ions are dis-
tributed over the M1, M2 and M3 sites (see Fig. 4 in [35]). Taking into
account that the composition of Li2Mg2(MoO4)3 crystals may depend on
the synthesis temperature (as observed for Li2Zn2(MoO4)3 [33]), one can
expect that the Li2Mg2(MoO4)3 crystal stoichiometry varies due to the sub-
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Figure 2: (Color online) Optical transmission curves of 2 mm of Li2Mg2(MoO4)3 crystals
produced from 99.9% (1) and 99.999% (2) purity grade MoO3.
stitution/subtraction process 2Li+ → Mg2+ + vacancy. Therefore, the real
crystal composition is more accurately described by Li2−2xMg2+x(MoO4)3,
where 0 ≤ x ≤ 0.3. However; the use of Li2Mg2(MoO4)3 compound in dou-
ble beta decay or dark matter experiments would require a large number of
identical crystals, with well-known compositions. It should be stressed that
the composition of the produced Li2Mg2(MoO4)3 crystals is most strongly
defined by the composition of the powder used for the crystal growth. And
furthermore, it has been demonstrated in potassium gadolinium tungstate
(KGd(WO4)2, a similar compound from the point of view of crystal growth),
the low-thermal-gradient Czochralski method allowed to produce large vol-
ume (up to 200 cm3), optically uniform KGd(WO4)2 crystals for laser applica-
tions [42]. R&D is already underway to produce high quality Li2Mg2(MoO4)3
crystal scintillators.
3. Luminescence of Li2Mg2(MoO4)3 crystal under X-Ray irradia-
tion
The luminescence of a Li2Mg2(MoO4)3 crystal sample 10 × 2 × 2 mm
3
was investigated under X-Ray Irradiation (X-Ray Luminescence, XRL) in a
wide temperature range from 8 K to 400 K. The sample was mounted on a
copper holder inside a vacuum cryostat (a simplified scheme of the set-up is
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presented in Fig. 3). The temperature of the copper holder was controlled
by a semiconductor silicon sensor WAD305 (in the temperature interval 8 K
– 85 K), and with a chromel-copel thermocouple (in the temperature interval
85 K – 450 K). We showed in separate measurements, that the temperature
difference between a crystal sample and the support does not exceed 0.2 K
(0.4 K upon linear heating of the sample). The crystal sample was irradiated
through a beryllium window in the cryostat by X-Rays from an X-Ray tube
BHV-7 with a rhenium anode operated at 20 kV, 25 mA with a flux of 0.635
mW/cm2. The luminescence was measured in two spectral channels: in a
wide wavelength interval (integral mode) and at a selected wavelength 548
nm (spectral mode). In the integral mode, the luminescence light was focused
with the help of a quartz lens on the photocathode of a photomultiplier tube
FEU-106 with extended sensitivity in the wavelength region of 350−820 nm.
A high-transmission monochromator MDR-2 (with a 600 mm−1 diffraction
grating) was used in the spectral mode. The emission spectra were then
corrected for the spectral sensitivity of the registration system. The temper-
ature dependencies of the XRL intensity was obtained by cooling the sample
to avoid effect of Thermally Stimulated Luminescence (TSL). Phosphores-
cence measurements were carried out after irradiation at temperatures of 8
K and 85 K over ≈ 10 minutes (the exposure dose was ≈ 0.8 J/cm2). The
TSL of the sample was measured after the phosphorescence measurements
while heating of the samples with a rate 0.30± 0.02 K/s.
The emission spectra of Li2Mg2(MoO4)3 crystal measured under X-Ray
irradiation at 8 K, 85 K and 295 K are shown in Fig. 4. The main broad
emission band with a maximum at ≈ 600 nm is observed at room and liq-
uid nitrogen temperatures, while the position of the maximum is slightly
shifted to a shorter wavelength ≈ 585 nm at 8 K. An additional infrared
band appeared at ∼ 750 nm with cooling of the sample to the liquid he-
lium temperature. The measured emission spectra are slightly different from
those observed under ultraviolet excitation with the maximum at 520 nm
[43]. It should be stressed that the luminescence emission wavelength range
of Li2Mg2(MoO4)3 crystal is suitable for application of the material as low
temperature scintillating bolometer as discussed in Sec. 4. Indeed, the wide
spectral sensitivity of germanium photodetectors (400−1700 nm [44]) covers
the emission spectral range of the Li2Mg2(MoO4)3 crystal.
The dependencies of the Li2Mg2(MoO4)3 luminescence intensity on tem-
perature measured in the integral and spectral modes are presented in Fig. 5.
The luminescence intensity increases by more than three times by cooling the
7
Figure 3: (Color online) Scheme of the set-up to study luminescence of the Li2Mg2(MoO4)3
crystal under X-Ray irradiation: (1) Li2Mg2(MoO4)3 crystal sample, (2) copper holder
of the crystal sample, (3) thermocouple, (4) semiconductor silicon sensor, (5) vacuum
cryostat, (6) quartz lens, (7) beryllium window, (8) X-Ray tube, (9) monochromator, (10)
photomultiplier tube, (11) temperature measuring unit.
sample. Similar properties were observed in Li2MoO4 [27] and Li2Zn2(MoO4)3
[28]. Other molybdate crystals (as, e.g., CaMoO4 [45], ZnMoO4 [31], SrMoO4
[46]) are also characterized by an increasing of luminescence and scintillation
efficiency as they are cooled down to near liquid helium temperatures.
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Figure 4: (Color online) Emission spectra of Li2Mg2(MoO4)3 crystal under X-Ray irradi-
ation at 8 K, 85 K and 295 K.
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Figure 5: (Color online) Temperature dependencies of XRL intensity of Li2Mg2(MoO4)3
crystal measured in the integral (”Int”) and spectral (at 548 nm) modes of measurements.
The luminescence intensity during X-Ray excitation in Li2Mg2(MoO4)3
crystal is almost constant at room temperature (see Fig. 6). A rather weak
increase of the XRL intensity at 77 K by ≈ 12% with a decrease at 8 K by
≈ 13% after irradiation over 20 minutes were observed. A systematic error of
the measurements does not exceeds 1.5%−3%. It should be noted that after
heating the sample up to 450 K and then cooling again (without irradiation
during the cooling) to low temperatures (8 K or 85 K), the dose dependencies
of the XRL intensity remain the same. Taking into account the constant XRL
intensity at 295 K, one could assume that the change in the XRL intensity at
low temperatures is due to the processes of charge carriers accumulation in
deep traps and recharging of recombination centers [47]. This hypothesis is
also confirmed by the presence of phosphorescence and TSL described below.
In general, the observed independence of the Li2Mg2(MoO4)3 luminescence on
the dose (that is proportional to the duration of X-Ray irradiation) indicates
a high radiation resistance of the material.
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Figure 6: (Color online) Dependencies of Li2Mg2(MoO4)3 crystal XRL intensities on du-
ration of X-Ray irradiation at 8 K, 85 K and 295 K. The data at 8 K and 85 K were
recorded also in the spectral mode at 548 nm.
The Li2Mg2(MoO4)3 crystal showed a substantial phosphorescence, as one
can see in Fig. 7, where the phosphorescence decay curves recorded at 8 K
and 85 K are shown. As it was demonstrated for ZnMoO4 crystals, long term
phosphorescence can be described by three exponential functions better than
by the Becquerel hyperbolic formula [47]. The fits of the Li2Mg2(MoO4)3
phosphorescence decay curves are presented in Fig. 7. E.g., for the phos-
phorescence at 85 K the decay times are τ1 = 10(2) s, τ2 = 42(5) s and
τ3 = 380(10) s, while at 8 K the decay times are τ1 = 20(2) s, τ2 = 91(12) s
and τ3 = 940(70) s. The τ1 represents the effects of free charge recombina-
tion coupled with charge carriers delocalized from shallow traps, τ2 and τ3
stem from delocalization from phosphorescent traps and deep traps, respec-
tively. The phosphorescence shows the recombination character of lumines-
cence in Li2Mg2(MoO4)3. Similar phosphorescence properties were observed
for ZnMoO4 [47] and Li2MoO4 [27] crystals. The long term phosphorescence
indicates that the material tends to have some afterglow, a well known effect
in scintillators. However; the intensity of the signal due to afterglow after
∼ 0.1 s of energy release in the Li2Mg2(MoO4)3 crystal (the time to ana-
lyze scintillation pulse profiles in low temperature scintillating bolometers
is typically shorter) decreases by two orders of amplitude, approaching the
photodetectors noise. Moreover; further improvement of the crystals quality
should reduce the phosphorescence and possible afterglow effects.
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Figure 7: (Color online) The phosphorescence kinetic curves in double logarithmic (a) and
logarithmic (b) scales measured with the Li2Mg2(MoO4)3 crystal after X-Ray irradiation
at temperatures 8 K and 85 K.
The TSL of Li2Mg2(MoO4)3 crystal measured after X-Ray irradiation at
8 K and 85 K are presented in Fig. 8. It should be noted that use of two
excitation temperatures allows more accurate investigations of TSL, since
accumulation of charge carriers on the traps depends on the temperature of
the excitation. The most intensive TSL peak is observed at ∼ 225 K (similar
to Li2Zn2(MoO4)3 [28]). At room temperature, the traps responsible for
the TSL become shallow resulting in a stronger radiation resistance of the
material (see Fig. 6).
Both the intensive phosphorescence and the TSL prove the presence of
traps in the Li2Mg2(MoO4)3 crystal sample due to defects, which indicates
that there is still room to improve the material.
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Figure 8: (Color online) Thermally stimulated luminescence of Li2Mg2(MoO4)3 crystal
measured after X-Ray irradiation at temperature 8 K in integral mode (1), and at 85 K
in integral (2) and spectral (3) modes.
4. Performance tests at milli-Kelvin temperature
A Li2Mg2(MoO4)3 crystal sample (10.24 g, 1.9 × 1.4 × 1.0 cm
3) was
equipped with a Neutron Transmutation Doped (NTD) Ge thermistor and a
silicon heater (for stabilization), which was than mounted in a copper frame
(see Fig. 9 (a)) to run as bolometer.
Scintillation signals from the Li2Mg2(MoO4)3 crystal were recorded with
the help of a photodetector operated at 60 V in Neganov-Luke mode [48, 49].
The photodetector (see Fig. 9 (b)) consists of a germanium disk 44 mm in
diameter with a set of concentric annular Al electrodes with a pitch 3.7 mm
and coated with a SiO anti-reflective film 70 nm thick (cyan color area on
the picture). 60 V voltage was applied between the electrodes to amplify the
scintillation signals. Heat signals after absorption of scintillation photons are
read-out by an NTD germanium thermistor (visible in the lower part of the
picture, attached at the germanium disk near the edge).
The detector module was run in a pulse-tube dilution refrigerator [50].
The set-up is located aboveground at the CSNSM (Orsay, France). A weak
210Po alpha source was installed in the detector module to irradiate the crys-
tal. The cryostat is surrounded by a massive low-activity lead shield with
10 cm maximum thickness to reduce environmental gamma background and
13
the soft component of cosmic rays. The data were acquired in stream mode
with a 5 kHz sampling rate.
Figure 9: (Color online) (a) Li2Mg2(MoO4)3 crystal sample (1) fixed on the copper frame
and equipped with an NTD Ge thermistor (2) and a silicon heater (3). (4) Another
crystal tested in the same set-up. (b) A Neganov-Luke Ge light detector used to read out
scintillation signals from the Li2Mg2(MoO4)3 crystal.
A background energy spectrum was gathered over 88 h with the Li2Mg2(MoO4)3
scintillating bolometer at 20 mK as shown in in Fig. 10. Several gamma
peaks (gamma quanta of 214Pb and 214Bi, daughters of environmental 226Ra)
are visible in the spectrum which allowed us to calibrate the detector and es-
timate its energy resolution (full width at half maximum, FWHM) as shown
in the Fig. 10. For instance, the energy resolution of the detector was mea-
sured as FWHM = 5.5 keV at 609 keV (gamma quanta of 214Bi), while the
baseline energy resolution of the detector module was 3.8 keV. The spectro-
metric characteristics of a Li2Mg2(MoO4)3-based detector could be further
improved operating the device in lower-level background conditions and at
lower temperature.
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Figure 10: (Color online) Background energy spectrum accumulated over 88 h with a 10
g Li2Mg2(MoO4)3 scintillating bolometer at 20 mK. Energies of γ quanta and values of
the energy resolution (FWHM) are in keV.
The particle discrimination capability of the detector (an important char-
acteristic for application in rare-event searches) is demonstrated by Fig.
11 with data accumulated over 88 h with the Li2Mg2(MoO4)3 scintillating
bolometer. The γ, β, and cosmic muon events are clearly separated from the
α-triton and α events1.
1The events between the bands can be explained by pulses pile-ups due to comparatively
slow response of bolometric detectors (the time window of Li2Mg2(MoO4)3 heat pulses is
∼ 0.07 s). The pile-up events nature was checked by their pulse profile analysis.
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Figure 11: (Color online) (a) Scatter plot of the light versus the heat signal amplitudes
accumulated with Li2Mg2(MoO4)3 scintillating bolometer over 88 h. The γ, β, muon
events are clearly separated from the neutron induced nuclear recoils, α-triton, and α
events of 210Po. (b) Discrimination between α events of 210Po (solid histogram) and γ,
β, cosmic muons events in the energy intervals 2.5 − 3.5 MeV and 5 − 6 MeV (dashed
histograms) with the discrimination power Dαγ = 9.3 and Dαγ = 13.7, respectively (see
equation (1) for Dαγ definition). The fits of the distributions by Gaussian functions are
shown by solid lines.
The particle discrimination capability (denoted here as Dαγ) to discrimi-
nate α particles and γ quanta (β particles, muons) can be determined by the
following formula:
Dαγ = |Aα −Aγ |/
√
σ2α + σ
2
γ , (1)
where A (σ) are average values (standard deviations) of the scintillation
signals distributions for α particles and γ quanta (or other particles such as
betas and muons). We obtained Dαγ = 9.3(13.7) for 5.3 MeV α particles
of 210Po and γ (β, muons) events in the energy intervals 2.5 − 3.5 MeV
(5 − 6 MeV). The distributions are shown in Fig. 11 (b). However, the
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discrimination power should be estimated in the same energy interval for
α particles and γ quanta (β particles) in the energy region of the 0ν2β
peak of 100Mo. Unfortunately, the statistic of α events with energy 2.5 −
3.5 MeV in our data is rather poor. We are going to utilize an α source
emitting energy-degraded α particles to investigate the discrimination power
of Li2Mg2(MoO4)3-based scintillating bolometers in our further studies of the
detector material. Nevertheless, the achieved discrimination power is high
enough to discriminate β and α events in a double beta experiment with
100Mo.
Moreover; some differences were observed in the heat-pulse shapes of γ
(β, cosmic muons) and α events. For this analysis, we applied a parameter
(pulse-shape parameter) that is a ratio between the fitted amplitude (a value
of signal maximum obtained by the pulse fit) to the filtered amplitude (a
signal maximum after applying the optimum filter [51, 52]). A background
scatter plot of the pulse-shape parameter versus the heat signal amplitudes
accumulated with the Li2Mg2(MoO4)3 scintillating bolometer over 88 h is
presented in Fig. 12 (a). The distributions of the pulse-shape parameter for
γ, β, muon events with energy 2.5−3.5 MeV, and α events of 210Po are shown
in Fig. 12 (b). The discrimination power for the distributions calculated by
equation (1) is Dαγ = 1.6.
The scintillation light yield of the Li2Mg2(MoO4)3 crystal scintillator (the
detected light energy per particle energy measured by the deposited heat)
is estimated to be 1.3 keV/MeV. The estimation was done thanks to the
calibration of the photodetector by using 5.9 keV X-rays from a weak 55Fe
source. The value is comparable to the light yield observed with ZnMoO4
(0.8− 1.5 keV/MeV) and slightly exceeds the light yield of Li2MoO4 crystal
scintillators (0.7− 1.0 keV/MeV) [26].
The quenching factor for α particles in the Li2Mg2(MoO4)3 scintillator
was estimated as the ratio between the detected scintillation signals am-
plitudes for α particles of 210Po (in the energy interval around the α peak
5216− 5411 keV) and the scintillation signals amplitudes for cosmic muons
(γ quanta, β particles) in the same energy interval as 0.105(2).
An energy spectrum of the α-triton and α events accumulated by the
Li2Mg2(MoO4)3 scintillating bolometer was built by using the difference in
scintillation yield presented in Fig. 11. The obtained energy spectrum is
shown in Fig. 13. There are two clearly visible groups of events in the data:
α-triton peak with energy 4784 keV caused by thermal neutrons capture
on 6Li, and two peaks of 210Po. One peak is from the 210Po alpha source
17
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Figure 12: (Color online) (a) Scatter plot of the pulse-shape parameter (see text) versus
the heat signal amplitudes accumulated with Li2Mg2(MoO4)3 scintillating bolometer over
88 h of background run. (b) The positions of the pulse-shape parameter distributions for α
events of 210Po (solid histogram), and for the γ, β, muon events with energy 2.5−3.5 MeV
(dashed histogram) are slightly different due to the difference in the heat signals shape.
Fits of the distributions by Gaussian functions are shown by solid lines.
that irradiated the crystal (the peak is labelled in Fig. 13 as “210Po ext”),
while the second weak peak is due to the bulk contamination of the crystal
by 210Po (labelled on the Figure as “210Po int”). The energy resolution is
FWHM ≈ 12 keV for the α-triton peak, and FWHM ≈ 9 keV for the
internal 210Po peak.
Analysis of the alpha spectrum allowed us to evaluate radioactive con-
tamination of the Li2Mg2(MoO4)3 crystal. Activity of the bulk
210Po can be
estimated as 5.6(1.3) mBq/kg, which is rather low taking into account that
no particular efforts were made to obtain radiopure material. It should be
stressed that we cannot conclude whether the 210Po is result of the crystal
contamination by 210Pb or it is 210Po itself. If it is polonium contamination
then the activity should decrease substantially within a few years, due to
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Figure 13: (Color online) Background energy spectrum of the α-triton and α events accu-
mulated by the Li2Mg2(MoO4)3 scintillating bolometer over 88 h.
the comparatively short half-life of 210Po: T1/2 ≈ 138 d. In contrast, the
activity of 210Po could even increase (see, e.g., Fig. 7 in [53]) in the case of
led (210Pb) contamination (the half-life of 210Pb is T1/2 ≈ 22 yr, the crystal
was produced approximately 9 months before the test). Due to the absence
of other α peaks we were only able to set limits (limA) on the active alpha
members of the 235U, 238U and 232Th chains with the equation (2):
limA = limS/(ε · θ ·m · t) (2)
where ε is the detection efficiency (assumed to be 100% due to a very short
path length of alpha particles in the Li2Mg2(MoO4)3 crystal), θ is the α
particle emission probability, m is the mass of the crystal sample, t is the
measuring time, and limS is the number of α events that can be excluded at
a given confidence level (C.L., all the limits here are given with 90% C.L.).
Values of limS were estimated by using the Feldman-Cousins procedure for
no effect observed on an estimated background [54]. The measured numbers
of events were calculated in the energy intervals ±30 keV around the Qα of
the expected α peaks (the interval is wider than ±3 sigma for all expected
α peaks, therefore, the detection efficiency remains almost 100%), while the
background counting rate was estimated in the energy intervals 3.3− 4 MeV
and 4.35 − 4.65 MeV, where no α particles of U/Th are expected. For in-
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stance, in the energy interval 4052− 4112 keV (where a peak of 232Th with
energy 4081.6 keV is expected) 1 event was detected, while the estimated
background is 1.32 counts. Therefore, according to [54] we should exclude
limS = 3.06 counts, that lead to the limit on 232Th activity in the crystal
≤ 0.95 mBq/kg. Other limits were obtained in a similar way. A summary of
the Li2Mg2(MoO4)3 crystal radioactive contamination is presented in Table 2.
Table 2: Radioactive contamination of the Li2Mg2(MoO4)3 crystal.
Chain Sub-chain Activity (mBq/kg)
232Th 232Th ≤ 0.95
228Th ≤ 1.1
238U 238U ≤ 0.95
234U ≤ 1.7
226Ra ≤ 1.7
210Po 5.6(1.3)
235U 235U ≤ 1.9
223Ra ≤ 1.1
5. Conclusions
Large volume optically-clear quality Li2Mg2(MoO4)3 crystals were grown
with the help of the low-thermal-gradient Czochralski method. The lumines-
cence of a Li2Mg2(MoO4)3 crystal sample was studied under X-Ray excita-
tion in the 8 − 400 K temperature range. Luminescence with a maximum
at 585 nm is observed at 8 K. The luminescence intensity increases by more
than a factor 3 when cooling the crystal sample from room temperature to 8
K. Intense phosphorescence and thermally stimulated luminescence indicate
presence of traps due to defects in the crystal sample, which points to that
fact that the material quality can be further improved.
Low temperature measurements (at 20 mK) of a 10 g sample of Li2Mg2(MoO4)3
scintillating bolometer were carried out over 88 h, demonstrating energy
resolution as good as 5.5 keV (FWHM, at 609 keV), despite the compar-
atively high baseline noise (3.8 keV, whereas it is typically on the level of
1− 2 keV). The scintillator light yield is estimated as ≈ 1.3 keV/MeV. The
20
Li2Mg2(MoO4)3 scintillating bolometer showed an excellent particle discrim-
ination capability with a discrimination power Dαγ = 9 (see equation 1) for
2.5 − 3.5 MeV γ (β, muons) events and 5.3 MeV α particles of 210Po. We
have observed also a weak difference in the heat signal shapes of γ (β, cos-
mic muons) and α particles. Despite no special efforts to obtain radiopure
material, the radioactive contamination of the crystal was measured to be
quite low. The activity of 210Po is ∼ 6 mBq/kg, while only limits on the ∼
mBq/kg level were estimated for other α active members of the 235U, 238U
and 232Th families. These bolometric measurements have demonstrated that
Li2Mg2(MoO4)3 is a potentially promising detector material for double beta
decay experiments with molybdenum as well as other rare-event searches.
In particular, we would like to stress that Li2Mg2(MoO4)3 scintillator
contains a variety of elements with different atomic masses A ≈ 7, 16, 24, 96
(Li, O, Mg and Mo, respectively) which can be exploited in dark matter low
temperature scintillating bolometers (see CRESST [55]) to probe new areas
of parameter space, particularly of spin-dependent dark matter.
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